Recent legislation, including the Affordable Care Act and the Health Information Technology for Economic and Clinical Health Act, has created a paradigm shift that has propagated technical means for patients to view and record their own personal health information as well as communicate with their health care providers through an electronic personal health record (PHR). 1, 2 But are patients prepared and motivated to take action on the information they are provided through a PHR? Although there are promising findings that link increased patient activation and improved health outcomes with PHR use, [3] [4] [5] [6] [7] there is also evidence that suggests that this method of engaging patients has not yet made the impact originally projected. 1, [8] [9] [10] [11] [12] [13] [14] A PHR is an Internet-based set of tools that allows people to access and coordinate their lifelong health information and make appropriate parts of it available to those who need it. 15 PHRs can be free standing (untethered) or connected (tethered) to an electronic medical record (EMR) operated by a health system or health care provider. Use of a PHR may help patients take an active role in their health care as a result of an improved understanding of their health and related conditions. 16 The PHR is also emerging as a critical e-health tool by which legislative health information technology goals may be met, including meaningful use rules 17 and patient centered medical home criteria. 18 However, there is still a lack of understanding about how best to leverage this tool to engage patients and to which populations targeted efforts should be directed. A growing emphasis has been placed on increasing patient engagement as a means of enhancing self-management of chronic disease and informed medical decision-making. Patient engagement and patient activation are often used interchangeably; however, the terms have distinct meanings. Patient activation refers to an individual's ability to understand their role in managing their own health and having the knowledge, skills, and confidence to do so. 19 Patient engagement is an umbrella term that includes patient activation and the actual patient behavior that results from an intervention. In this study, we evaluate patient engagement by proxy through changes in a validated survey instrument that measures patient activation. We also measure health outcomes, which are dependent on health behaviors influenced by patient engagement (smoking cessation, weight control, diet, exercise).
OBJECTIVE
This study was designed to help understand the influence of PHRs on patient engagement and intermediate health outcomes. Our work is focused on people living with significant coronary artery disease (CAD). We selected this patient population because CAD affects over 20 and is the cause of almost 1 in every 6 deaths. 21 The growing population of chronically ill CAD patients has increased the burden of health care costs on the health care system, with the total direct and indirect cost of cardiovascular diseases and stroke amounting to almost $313 billion each year. 22 Thus, the need to intensify efforts to manage patients noninvasively with lifestyle modification and medical therapy has never been greater.
Significant research has linked improvements in health outcomes for the CAD population to behaviors including proper medication management and lifestyle modification such as exercise, weight loss, and smoking cessation. 23 Historically, physicians provide advice to patients episodically during office visits. The ability to substantially assist in lifestyle changes and medication compliance in this context is limited. PHRs offer a mechanism by which health care providers can reach out to patients in the midst of daily life through secured electronic distribution of medical information and 2-way asynchronous messaging. Enhanced communication may impact patient engagement by creating accountability, increasing health literacy, and fostering patientprovider relationships. The objective of this study was to evaluate if there is any relationship between use of the PHR in patients with significant CAD and improvements in patient engagement.
In this paper, we report the findings from a 12-month study of a tethered PHR that examined: 1) patient engagement using level of patient activation in health care pre-and post-PHR use and 2) intermediate health outcomes including body mass index (BMI), blood pressure, low-density lipoprotein (LDL), and hemoglobin A1c (HbA1c). Our work stands out from prior work that has examined the impact of PHRs on patient engagement [3] [4] [5] [24] [25] [26] [27] in that we focused specifically on patients with significant CAD and examined the longitudinal impact on intermediate health outcomes. Another important aspect of this work was demonstrating the feasibility of populating a tethered PHR with data from a health information exchange (HIE).
METHOD
This study used a quasi-experimental design with a single group involving pre-post evaluations. The Parkview Institutional Review Board approved this study.
Study population, setting, and recruitment The inclusion criteria included: age 18-90, significant CAD, internet access, and ability to read and understand the English language. For the purpose of the study, significant CAD was defined as a history of 1 or more major cardiac interventions involving coronary revascularization through elective or emergency percutaneous coronary intervention with stent and/or coronary artery bypass graft. Exclusion criteria included lack of the ability to physically or cognitively carry out the tasks necessary for activating and/or utilizing the PHR.
The study setting is a large cardiology practice in Northeast Indiana, Parkview Physicians Group-Cardiology (PPG-C), which conducts about 70 000 office visits and consultations each year. Postrevascularization, patients receive care for chronic disease management in an ambulatory setting. Adult patients (age 18-90 years) with significant CAD were identified through review of the EMR. During this review, patients with known literacy issues or language barriers were excluded. Eligible patients were invited to participate in the study either by phone or in person in the office. The patient's access to the internet (self-reported) was assessed during this first contact. A trained clinical research coordinator obtained written informed consent from all participants.
Study intervention
Upon enrollment, each study participant was provided with a webbased PHR account, provided by NoMoreClipboard (NMC), with features such as personal information, medical history, prescription history, secure 2-way asynchronous messaging with health care professionals, and educational resources (Figure 1 ). NMC also worked with the PPG-C to incorporate a daily health diary into the tethered PHR. Patients could self-enter and transmit blood pressure, heart rate, blood glucose, weight, and BMI. Patients could also sign up for daily reminders to complete and submit their diary information. All messages were transmitted securely through the HIE.
The NMC PHR was populated with information from participant EMRs, hosted by an HIE from Medical Informatics Engineering. When new data was available in the PPG-C EMR, the practice could post that data to NMC with a single click -triggering a routing mechanism through the HIE. 28 The NMC PHR followed Health Insurance Portability and Accountability Act guidelines and was accessible to patients online from any computer. We refer to the NMC PHR as a tethered PHR because it had a deep level of integration with the PPG-C EMR and was branded with Parkview. However, this technology was designed to be a fully portable, interoperable PHR that can integrate with multiple data sources, making it a unique hybrid that has the strengths of both a tethered and untethered PHR.
During the activation of the PHR account, patients received oneon-one introductory training from a clinical research coordinator regarding how to access and use their PHR. This 30-min training included a printed handbook that patients took home, which included the phone number for technical support available through NMC during business hours. In addition to initial training, all participants were offered a review of basic and advanced functions in an elective "refresher course" in a group setting at PPG-C and also as an interactive online presentation. The scheduled 6-month study visit also included a brief review of how to use the PHR, particularly the health diary.
Study design and measures
Participation in the study involved 3 visits -baseline, 6 and 12 months. Health outcome data were collected at each visit, including blood pressure, BMI, LDL, and HbA1c. At baseline, patients were given laboratory orders for LDL and HbA1c if they had not been collected within the last 30 days.
Patient engagement was evaluated using the validated 13-item Patient Activation Measure V R (PAM V R ), which measures patient knowledge, skill, and confidence in self-management of health. 19, 29, 30 The overall PAM score corresponds to 1 of 4 activation levels that indicate an increase in activation, ranging from starting to take a role in one's own health care to maintaining healthy behaviors over time. PAM scores have been validated as a proxy measure of patient engagement. 31 Three surveys (baseline, 6-month, and 12-month) were used to collect data. The baseline survey collected sociodemographic characteristics, external factors such as computer and internet self-efficacy, perceived health status, and PAM questions. The 6-and 12-month surveys included everything in the baseline survey excluding demographic data. Surveys were made available to patients in an online form, using the Health Insurance Portability and Accountability Actcompliant SurveyMonkey V R software, or in print form, according to patient preference. The link to the electronic survey was provided to patients via a secure message in the PHR, so patients had an option of completing it either during study visits or remotely.
PHR usage data was collected by NMC and included the number of times patients: 1) logged into the PHR and 2) sent a secure message to the clinic via the health diary.
Data analysis SAS version 9.3 was used to analyze collected study data (Copyright
[2011] SAS Institute, Inc., Cary, NC, USA). All analyses were conducted on a per-protocol basis. Summarized results are presented as count (percent) or mean (standard deviation) unless otherwise specified.
Changes in PHR use, PAM scores, and health outcomes were analyzed using paired t-tests for continuous data and Cochran-Mantel-Haenszel tests for stratified categorical data. Spearman's correlation coefficients were calculated to evaluate the associations among PAM, PHR use, and health outcomes. Multiple linear regression models were used to evaluate predictors of PHR use, PAM scores, and changes in intermediate health outcomes -systolic (SBP) and diastolic (DBP) blood pressure, BMI, LDL, and HbA1c. No variable selection procedure was used; all variables of interest were included in the models regardless of significance. Demographics and computer/technology abilities (computer and internet self-efficacy, self-perceived health) were included in all models. The analysis of PAM also included the number of logins to determine whether patients who used the PHR more were more activated. The analyses of the health outcomes additionally included both the number of logins and the PAM score.
To determine the impact of varying usage rates among participants, the study group was categorized depending on the number of PHR logins. Patients were designated as 1 of 3 user types: Low, Active, and Super user. Patients in the Low category logged in 1-3 times over the 12-month period; patients in the Active category logged in 4-23 times; and patients in the Super user category logged in 24 or more times. These groupings were determined based on natural breaks that appeared in the login frequency data. Comparisons between the 3 groups were made using Pearson chi-square tests, Mantel-Haenszel chi-square tests, and Kruskal-Wallis tests for unordered categories, ordered categories, and continuous variables, respectively. Similar tests were used to compare subjects who attended the refresher course against those who did not attend.
RESULTS
Patients (N ¼ 360) were called or approached in the cardiology office over a time period of $4 months until enrollment of 200 participants was attained. Two people with visual problems and 12 people with a diagnosis related to cognitive impairment were excluded based on chart review screening. Of the 200 patients who were enrolled and completed a baseline survey, 184 (91.5%) responded to the 6-month follow-up survey, and 173 (87%) completed the 12-month survey. Participants missing their 6-month survey were given the opportunity to complete the 12-month survey. Seven people withdrew from the study for a variety of reasons (moved, illness, etc.) and 3 participants passed away during the study period. Table 1 illustrates the sociodemographic characteristics of study population according to baseline surveys. More than 70% of subjects enrolled in the study were white males older than 55 years. Approximately 75% of study participants had some college or had completed a college education. About 5% had a total family income < $20 000, which is consistent with poverty rates for older age groups as represented in this study population. 32 Two-thirds of the study subjects received insurance coverage through Medicare, and 4% were uninsured. At baseline, a majority of the study participants rated their abilities as "good" or "better" for the following: ability to use the computer (71%), ability to use the Internet (73%), and ability to understand online health information (84%). Almost 97% of patients perceived their health status as fair, good, or very good with very few indicating a poor health status.
Characteristics of study participants

PHR usage
The mean number of PHR logins declined over the study period. There were 9.43 (623.83) logins per patient between baseline and 6 months, which dropped to 8.58 (623.14) between 6 and 12 months (P ¼ .053). The proportion of patients who used the daily health diary increased from 32 (16%) in the first half of the study to 53 (28%) in the second half (P < .0001).
At 12 months, there were 36 (18%) Low users, 126 (63%) Active users, and 38 (18%) Super users. Super users were significantly older than Low or Active users (P ¼ .0482); 34% of Super users were age 75þ vs only 19% of Low or Active users. There were no other significant differences in characteristics (Table 1 ) among usage groups.
Patient activation
Patient activation over the study period was assessed at baseline (67.24 6 14.80), 6 months (68.13 6 15.21), and 12 months (68.41 6 14.89). Although mean PAM scores were higher at 12 months, the change was not statistically significant (P ¼ .22). Mean scores for the entire study cohort remained at activation level 4 during the entire study period, meaning they were in the highest phase of patient activation.
The association between PHR use and patient activation was also examined. Table 2 shows the majority of participants, regardless of usage, had high activation levels of 3 and 4 during the entire the study. Active users had the highest percentage of participants at activation level 4 at 6 months (53%) and 12 months (54%), but there were no significant differences among the groups (P > .43). While a higher number of PHR logins throughout the study period was associated with higher PAM scores on the 12-month survey (correlation ¼ 0.17, P ¼ .0213), there was no significant correlation between PHR usage over the year period (logins) and change in PAM score (r ¼ .03, P ¼ .71).
Intermediate health outcomes Table 3 shows the changes in health outcomes for the entire group of participants over the study period. Although mean LDL, SBP, and DBP all decreased from baseline to 12 months. the changes were not significant (P ¼ .7211, P ¼ .2547, P ¼ .1011, respectively). BMI was essentially unchanged over the course of the study (P ¼ .6582). Mean HbA1c decreased significantly from 6.25% at baseline to 6.09% at 6 months (P ¼ .0006); however, the mean returned to baseline value at 12 months.
Examining the impact of PHR usage on the initial 6-month decline in HbA1c, we found a significant improvement in HbA1c among Active users (À0.19, P ¼ .005) and Super users (À0.19, P ¼ .021), but no change in HbA1c for the Low users (Table 4 ). There were no other significant associations with PHR usage and health outcomes.
There was a significant association between higher SBP and the number of health diary sends at 6 and 12 months (correlation ¼ 0.21 with P ¼ .0057 and correlation ¼ 0.16 with P ¼ .0415, respectively). There were no other significant associations with health diary use and health outcomes.
Higher PAM scores were associated with lower BMI at the 6-month and 12-month surveys (r ¼ À0.23, P ¼ .0020 for both) and also lower HbA1c at 6 and 12 months (r ¼ À0.22, P ¼ .0037 and r ¼ À0.27, P ¼ 0.0004, respectively). There were no associations between changes in PAM scores and changes in health outcomes (r < 0.01, P > .21).
Factors influencing PHR use
Multiple linear regression was used to predict ePHR use from baseline demographics, computer and internet self-efficacy, and self-perceived health (see Supplementary Table 1 ). There was no effect related to location type (P ¼ .63); sex (P ¼ .16); age (P ¼ .54); income (P ¼ .82); insurance (P ¼ .48); education (P ¼ .75); or self-perceptions about ability to use the computer (P ¼ .82), use the internet (P ¼ .55), understand internet information (P ¼ .65), or health status (P ¼ .34). In a separate analysis that categorized PHR use into 3 levels and left age in its original 6 levels, we found that while older patients rated their computer and internet abilities lower than younger patients (r ¼ À0.33 and À0.36, respectively, P < .0001), older patients were (11) 5 (14) 15 (12) 2 (5) 2 (7) 20 (12) 
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DISCUSSION
Studies have shown that among patients with chronic conditions, those who were more engaged or activated in their care displayed better communication with their provider and experienced fewer hospital readmissions and medical errors than those who lacked the knowledge, skills, and confidence in managing their own health care. 33 Toward this goal, our prospective quasi-experimental study made an inquiry into the effect and association of a tethered PHR with patient engagement and health outcomes among chronic CAD patients. 
Patient activation
There are some studies that demonstrate a positive relationship between patient activation and PHR use. A 12-week randomized controlled trial of patients with asthma, hypertension, and diabetes (N ¼ 201) revealed improvements in patient activation and ability to self-manage associated with use of a tethered PHR with secure messaging and targeted health education modules. 5 In a cross-sectional observational study of 40 HIV positive patients, Crouch et al. 7 found that those who used the PHR had significantly higher PAM scores and satisfaction with care than those who did not use the PHR. Hibbard and Greene 6 conducted a cross-sectional analysis of 16 357 patients who had a recent primary care office visit and found that higher activated patients were more likely to use a PHR.
In our study, we found participants with higher PAM scores had a higher number of PHR logins, but found no significant relationship between PHR use and change in PAM scores. Our findings are comparable to results of a telephone survey done by Ancker et al., 27 which found that patients using PHRs (N ¼ 180) were not more highly activated when compared with nonusers, but rather more educated and more likely to use the Internet. Similarly, in a cluster-randomized effectiveness trial of a tethered PHR aimed at blood pressure management in patients (N ¼ 466) with hypertension, Wagner et al. 24, 25 found that participants rarely used the PHR and demonstrated no increase in patient activation.
Health outcomes
According to recent systematic review, 14 PHR use has been found to be associated with improved health outcomes in a small number of studies, particularly among patients with type 2 diabetes (T2D). Tenforde et al. 34 completed a retrospective chart audit of audit patients with T2D (N ¼ 10 746) and found that frequency of PHR use was associated with improved diabetes quality measures, including HbA1c. A cross-sectional study of 54 patients with T2D found a significant relationship between self-reported use of secure messaging via the PHR and improved glycemic control. 35 Sakar et al. 36 found improvements in medication adherence and blood lipid levels in an observational cohort study of 8705 T2D PHR users with a 9055 matched reference group. While we found a statistically significant improvement in HbA1c in the study population at 6 months, this was not associated with changes in PAM scores. However, we did show that the patients who experienced statistically significant improvements in HbA1c were in the Active and Super user groups, while no improvements were seen in the Low user group during that time period. The statistically significant improvement in HbA1c as demonstrated through this short-term evaluation supports the hypothesis linking exposure to PHR and improvement in intermediate health outcomes. However, this improvement was not sustained in the second half of the study.
LDL and blood pressure declined over the 12-month study, but this was not a statistically significant change. Mean BMI of approximately 31 was essentially unchanged from baseline to 12 months, leaving patients at risk in the overweight category. Our findings seem to suggest that the simple provision of health information via a PHR may not be enough to provoke or sustain improvements in health outcomes in our study population. It is possible that the PHR design and functionality did not match the needs of the highly activated patient population in this study. A recent study 37 compared 10 PHRs based on 5 measures 1) Problem, Diagnosis, and Treatment Basic: encompasses related functions; 2) Self Health Monitoring: functions that help the patient to monitor health status; 3) Communication Management: functions that help the patient manage his or her communications with others related to health care; 4) Security and Access Control: access control and security functions; and 5) Intelligence Factors: intelligent data presentation, data export, and system alerts. NMC was average, scoring roughly in the middle of the 10 PHRs compared. 37 One item on which the NMC PHR scored lower than the majority was Intelligence Factors. 37 Health behavior change is a complex human process that may require a more disease-specific approach and perhaps more intelligent functionality to complement basic access to health data via PHRs.
Factors influencing PHR use
There was a dropoff in PHR logins from the first 6 months to the second half of the study. We believe this was related to the "novelty effect" because the PHR was brand new to the practice at the time of the study, likely contributing to initial excitement about using a new technology followed by a leveling off of interest. Providing participants with additional PHR training also potentially influenced usage frequency during our study. First, patients received a brief review of the health diary during the second study visit, after which a significant rise in use was seen. Second, an elective "refresher course" was offered after participants had completed 6 months of the study -30 patients attended. There was a surge in health diary use in the second half of the study, especially in patients with high blood pressure. This finding is in contrast to prior research by Wagner et al., 24, 25 who found patients with hypertension rarely used the study PHR. One plausible interpretation for this trend is that patients with high BP may have been using the health diary more frequently, perhaps to send home-monitored BP readings to their cardiologists. An alternative interpretation is that frequent use of the health diary had an adverse effect upon BP, although this seems unlikely given a similar but nonsignificant correlation between baseline SBP and the number of sends (correlation ¼ 0.13, P ¼ .07). It is possible that the refresher course (within the limitations of a small sample size, nonrandomization, and self-selection of subjects to the refresher) also contributed to the increase in health diary use in the 6-to 12-month period of the study. These additional training experiences may have helped to increase understanding of PHR functionality as well as promote use of the health diary.
Another interesting finding was the age range of PHR Super users. Although older patients were more likely to be Super users -logging into their PHR more frequently than younger patients in the studyolder patients also rated their computer and Internet abilities lower than younger patients. Ancker et al. 27 similarly found that older patients were less likely to be offered PHR accounts but, once offered, were more likely to activate and use them. Chrischilles et al. 38 also found older patients were interested in PHR for tracking medication and health information. This evidence suggests that health care providers should not hesitate to try technology-based interventions with older populations, as individuals in this group may have additional time and inclination to learn the necessary skills.
Technical feasibility of using HIE data
This study also demonstrated the ability to make HIE data available to patients with a PHR in a clinical setting, overcoming some of the technical barriers identified in prior research. 39 NMC was able to rapidly develop and test solutions that enabled patients to access, manage, and benefit from HIE data. This project demonstrated the feasibility of 1) making HIE data available and easily accessible to patients using established interoperability standards; 2) ensuring appropriate patient identification and authentication for secure data transmission from an HIE; and 3) enabling secure messaging between patients and clinicians using an HIE as a routing service. 28 
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Study limitations
One limitation to generalizing these findings is the study population, which was mainly white males over 55 years of age who were educated, insured, not living with income below poverty level, of fair health or better, had a mean patient activation level of 4, and were confident using a computer and the Internet. While the age-structure of the study population is representative of the significant CAD population, 20 the education rates and race diversity are not representative of the United States population. 40 Our results were also confounded by the fact that participants were required to come to the office at 6 and 12 months for lab and survey data, despite the fact that these meetings coincided with routine follow-up care and matched the standard of care typically used for general CAD patients. Regardless, these meetings may have created an additional sense of awareness in participants that their PHR activity was being observed, and some may have logged in more frequently as a result of Hawthorne effect. Another limitation in the interpretation of our results is the lack of a control group, which would have led to more valid findings. Because this study was conducted in an authentic clinical practice and the standard of care was that patients were being messaged data regarding CAD care in a nonstandardized fashion, a true control group would not have been possible. The introduction of the PHR to PPG-C was a new concept at the time of the study, and part of our study focus was simply to demonstrate the feasibility of using the technology in the cardiology practice environment. The goal was not only to improve patient engagement, but also to prepare for compliance with phase 2 of meaningful use. 28 In addition, quasi-experimental single group, pre-post study designs are well accepted in the scientific community. The findings are also limited by the fact that we did not formally evaluate the usability of the NMC PHR when compared with other vendors.
CONCLUSION
The management of chronic disease such as CAD is influenced by patient engagement -patient activation (an individual's ability to understand their role in managing their own health and having the knowledge, skills, and confidence to do so) and change in health behavior. 23 The evolution of Internet tools, specifically PHRs, has created an opportunity to provide additional resources to patients, which can result in increased patient engagement and improved health outcomes. The lack of sustained improvement in patient activation and health outcomes observed in this study may have been related to the population we studied, who rated themselves as highly activated at the beginning of the study and thus had no room to improve. The null findings could have also resulted from our study design, which lacked a control group. In addition, the PHR was not designed specifically for CAD patients. Applying a user-centered design approach to create a PHR that is purposefully focused on the unique needs of this patient population may improve outcomes. Designing an intervention aimed at health behavior change is complex and as we, and others, 39 found, can be complicated by a variety of sociotechnical factors that are difficult to control for in a study. In keeping with meaningful use rules for the use of EMRs, 1, 17 it is imperative to conduct further research into the long-term relationship between patients' use of a PHR linked to EMRs and intermediate health outcomes.
